This paper focuses on the real-time target tracking for a Cartesian robot in 2 dimensions by using visual servo control. It is the process of controlling a system in servoloop by using visual image data as a referenced command to control the motion of a robot. The visual servo control can be divided into 2 loops. The first loop is image processing loop for tracking a target in video frame and the second loop is servo loop for feedback control of a Cartesian robot. A target tracking is based on color probability image using a Continuously Adaptive Mean Shift (CAMShift) algorithm that finds the most probable target position from color histogram in the current frame with a single stationary camera. The experimental results illustrate that a Cartesian robot is automatically follow a moving target and record it. The visual servo control can be adapted to more complex control applications.
Introduction
Vision is an attractive sensor because it provides a lot of information about the environment in the workspace. It make a robot can recognizes a target position; therefore, a robot can track a moving target or move to avoid any obstacle. The visual servo control refers to use of visual image data to control the motion of a robot [1] . The visual image data is obtained from a camera that is mounted directly on a robot or fixed in the workspace. Early studies in this domain, for instance, B. Espiau, F. Chaumette, and P. Rives show the technical control of the interaction between a robot and its environment by using data provided by a visual sensor directly inside a closedloop control scheme [2] . A. K. Das, R. Fierro, V. Kumar, B. Southall, J. Spletzer and C. J. Taylor consider the problem of vision-based control of a nonholonomic mobile robot [3] . Malithong K. and Sangveraphunsiri V. present an approach to the real-time tracking of non-rigid objects seen from a moving camera and image tracking for an inertial stabilization system [4] and [5] . This paper focuses on the real-time target tracking in 2 dimensions by using visual servo control for a Cartesian robot. The camera is fixed in the workspace; thus, we can observe the moving target and robot motion from a stationary configuration. The visual image data which is obtained from a camera can be calculated a target position in the current video frame then convert to used as a referenced command feedback to control a motor of a Cartesian robot for tracking a moving target of fixed target in realtime. CAMShift algorithm is used for the real-time target tracking seen from a camera, based on color feature, which statistical distributions characterize interested target. Since CAMShift algorithm tracks a target, a robot is automatically follow a target despite changing in orientation. A Cartesian robot shown in Figure 1 has 3 per pendicular axes; there are X, Y and Z axis. The structure is made of aluminum and steel, each axis is driven by dc motor. Movement in X and Y axis used bearing as a wheel, transmission driven through a reduction gear and pulley system using a sling. Distance along X axis is 950 mm. and Y axis is 1000 mm. Movement in Z axis used linear ball screw; distance along Z axis is 450 mm. In this paper, a Cartesian robot is moving along X and Z axis only. Figure 2 shows the schematic for the tracking system and details will be described next. 
The Tracking System

Histogram Back-Projection
A color histogram is a bar chart showing frequency or intensity of each color. It is useful in detecting and locating the target in an image or video frame sequence. A color histogram can be made by counting the number of pixels of each color in the image. Then each color ranges are quantized into bins, which reduces the complex computational and space and also allows similar color values to be clustered together. Figure 3 shows a color histogram. The horizontal axis is the intensity of the color components and the vertical axis is the frequency or number of pixels of each color. The height of eack color bar indicates how many pixels in an image region have that hue. The highest bar, which has maximum number of pixel of the hue, is used to characterize a target. For instance, from Figure 3 the highest bar has maximum number of pixel of the dark green color. So we can say that, the dark green color is used to characterize the target for this color histogram model.
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Figure 3. Color histogram
After that, we find a target probability by using a method is known as Histogram back-projection. It is a primitive operation that associates the pixel values in the image with the value of corresponding histogram bin. The backprojection of the target histogram with any consecutive frame generates a probability image where the value of each pixel characterizes probability that the input pixel belongs to the histogram that was used.
Mean Shift Algorithm
The Mean Shift algorithm is a robust, non-parametric technique that climbs the gradient of a probability distribution to find the mode (peak) of the distribution [6] . The result of a histogram back-projection is a probability map that expresses the probability that a given image content is found at a specific image location. Suppose we know the approximate location of a target in an image, the probability map can be used to find the exact location of the target. The most probable will be the one that maximizes this probability inside a search window. Therefore, if we start from an initial, location and iteratively move around, it should be possible to find the exact target location [7] . The mean shift algorithm is an iterative procedure which locates the local maxima of a probability function. It does it by finding the center, or weighted mean, of the data point inside a search window. The algorithm then moves the window center to the center location and repeats the procedure until the window center converges to a stable point. The primary difference between CAMShift and the Mean Shift algorithm is that CAMShift uses continuously adaptive probability distributions while Mean Shift is based on static distributions, which are not updated unless the target experiences significant changes in size, shape or color.
CAMShift Algorithm
CAMShift stands for the "Continuously Adaptive Mean-SHIFT" algorithm. Figure 4 shows CAMShift Algorithm.
It is an adaptation of the Mean Shift algorithm for target tracking to find exact location of a target, calculates target size and orientation in the current video frame. The principle of the CAMShift algorithm is given in [8] [9] [10] [11] .
For each video frame, the raw image is converted to a color probability distribution image via a color histogram model of the color being tracked. The center and size of the color target are found via the CAMShift algorithm operating on the color probability image. The current size and location of the tracked target are reported and used to set the size and location of the search window in the next frame. The process is then repeated for continuous tracking. The implemented is primarily based on CAMShift method. The steps of this algorithm are stated as follows:
1. Indicate a target then create a color histogram to represent the target. CAMShift using a color histogram to indicates and detects a target. In Figure 5 shows the example target, it has the maximum number of pixels in red color. Thus, in next video frame which part also has the maximum number of pixels in red color. We can characterize a red color is probable to be a target. 2. Calculate a target probability for each pixel in the next video frame. In order to calculate a target probability, the color histogram is created once when starting tracking at step 1. It used to assign a target probability to each image pixel in any consecutive video frames. After that, we generate a target probability image where the number of each pixel characterizes a target probability that the input pixel belongs to the color histogram that was used. This process is called back-projection. Figure 6 is a target probability image in video frame as CAMShift tracks the colored doll. Show that, white pixels have the highest probability value; the lowest is black and gray pixels lie somewhere in the middle. Figure 6 . Back-Projection 3. Iterative Mean Shift algorithm to find the center of target in the probability image and shift the location of the target window in each video frame. Mean Shift algorithm use the result from histogram backprojection to find the center of the target in the probability image. Then CAMShift shifts its estimate of the target location, keeping it centered over the area with the highest concentration of white pixels in the target probability image from back-projection process. It finds the new location by starting at the previous location and computing the center of gravity of the target probability values within a window. It then shifts the window's center to be over the center of the target. This is repeated a few times until an optimum alignment is obtained. CAMShift adjusts the size and orientation of the target window each time it shifts it. It does this by selecting the scale and orientation that are the best fit to the target probability pixels inside the new window location. After that, the process will go to Step 2.
The ontroller Design C
In this paper, the controller design is divided into 2 loops. The block diagram of visual servo control is shown in Figure 7 . The first loop is image processing loop for tracking target in video frame. It used to generate a reference command form visual image data and find the target position. The second loop is servo loop; it is inner loop, for feedback control of a Cartesian robot. The block diagram is shown in Figure 3 , starts from selecting a frame to obtain an input image from the camera. If there is any target detected, it will proceed to the tracking step using the CAMShift algorithm. Next, the current position of the target in the image is compared with the middle position of the image frame. By doing the scale conversion, the current error can be used as an input value for the servo-control loop. And the servo-control loop uses the corresponding value to vary the speed and direction of servo and thus making further positional adjustments. The block diagram of PID feedback controller is shown in Figure 8 . Tracking experiments are divided into two experiments.
A Cartesian Robot Moves Towards a Fixed Target
The operation will be started by clicking mouse to locate the Cartesian robot end point. Follow by the location of the target. Then a target window will be generated around the target area of interesting. The size of the window is pre-specified in the program. Finally use CAMShift algorithm as mentioned above to find exact location of a target. When a target in video sequences is being tracked then the target moves, a Cartesian robot end point will be controlled automatically to move towards that fixed target. The proposed algorithm successfully tracks the target as shown in Figure 9 . A green plate target (or grey in black and white color), is surrounded by a target window, is attached to a fixed box. When start tracking, the Cartesian robot end point, with another green plate (or grey in black and white color) attached, will automatically move towards that fixed target as shown. 
A Cartesian Robot Tracking a Moving Target
The operation will be started by clicking mouse to locate the target area. A target window will be generated around the target area of interesting. The size of the window is pre-specified in the program. Then we use CAMShift algorithm as mentioned above to find exact location of the target. When a target in video sequences is being tracked then the target moves, a Cartesian robot end point will be controlled automatically to follow the moving target. The proposed algorithm successfully tracks the target as shown in Figure 10 . A green target (or grey in black and white color), is surrounded by a target window, starting to move from left to right side in the images. When start tracking, the Cartesian robot end point, with the red plate (or dark grey in black and white color) attached, will automatically moves to track the moving target as shown. 
Conclusion
This paper focuses on the real-time target tracking in 2 dimensions by using visual servo control for a Cartesian robot. The method for the real-time tracking is CAMShift algorithm. It used visual image data from a stationary camera to generate a reference command to feedback control of a Cartesian robot. The experiment is performed under normal room condition with fluorescent lamps light source. The operating workspace is within the Cartesian robot. The experiment results are presented to verify the successful of the proposed method in visual servo control. Since CAMShift algorithm in image processing loop being tracks a target, the servo loop can control the Cartesian robot to automatically track accurately any fixed target or any moving target.
